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Abstract The treatment of ureteral strictures represents
a challenge due to the variability of aetiology, site and
extension of the stricture; it ranges from an end-to-end
anastomosis or reimplantation into the bladder with a
Boari flap or Psoas Hitch. Traditionally, these proce-
dures have been done using an open access, but mini-
mally invasive approaches have gained acceptance. The
aim of this study is to evaluate the safety and feasibility
and perioperative results of minimally invasive surgery
for the treatment of ureteral stenosis with a long-term
follow-up. Data of 62 laparoscopic (n = 36) and robotic
(n = 26) treatments for ureteral stenosis in 9 Italian
centers were reviewed. Patients were followed according
to the referring center’s protocol. Laparoscopic and
robotic approaches were compared. All the procedures
were completed successfully without open conversion.
Average estimated blood loss in the two groups was
91.2 ± 71.9 cc for the laparoscopic and 47.2 ± 32.3 cc
for the robotic, respectively (p = 0.004). Mean days of
hospitalization were 5.9 ± 2.4 for the laparoscopic
group and 7.6 ± 3.4 for the robotic group (p = 0.006).
No differences were found in terms of operative time
and post-operative complications. After a median follow-
up of 27 months, the robotic group yielded 2 stenosis
recurrence, instead the laparoscopic group shows no
cases of recurrence (p = 0.091). Minimally invasive
approach for ureteral stenosis is safe and feasible. Both
robotic and pure laparoscopic approaches may offer
good results in terms of perioperative outcomes, low
incidence of complications and recurrence.
Keywords Robotics  Laparoscopy  Ureter  Stenosis 
Ureteral obstruction  Reconstructive surgical procedures
Introduction
Ureteral stenosis may result from a variety of causes
including stone passage, endoscopic procedures,
endometriosis, urothelial carcinoma, radiation therapy,
previous open or laparoscopic surgery and penetrating
injuries [1]. Ureteroscopy with lithotripsy represents one of
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the main causes; ureteral strictures in fact occur as a late
complication in 0–4 % of cases [2]. Endometriosis rarely
involves the upper urinary tract, (1–2 % of all cases of
stenosis), 84 % of which are associated with concomitant
bladder involvement [3, 4]. The incidence of iatrogenic
ureteral injury ranges between 0.1 % and 2.5 % of all the
surgical procedures [5, 6]; during recent years, an
increasing incidence of iatrogenic strictures has been
observed, due to the widespread diffusion of abdominal
and gynaecological laparoscopic surgery and upper urinary
tract endoscopy [7].
Treatment for ureteral stenosis ranges from a conser-
vative endoscopic dilatation to surgical approach with
end-to-end anastomosis or reimplantation of the ureter in
the bladder with or without a Boari flap or Psoas Hitch.
The surgical strategy is based on site, length and aetiol-
ogy of the ureteral stenosis. For benign, proximal and
mid-ureteral stenosis\5 mm, an initial endoscopic man-
agement is indicated. Proximal stenosis shorter than
3–4 cm can usually be managed with a primary end-to-
end anastomosis [8]; conversely for proximal stric-
tures[4 cm in length, the interposition of an ileal seg-
ment can be necessary. [9]. Distal ureteral stenosis is
usually managed by ureteral reimplantation: when the
ureter is too short for direct reimplantation, additional
length can be gained by fixation of the bladder to the
tendon of the psoas muscle (the psoas hitch suspension),
necessitating a wide mobilization of the bladder to per-
form a tension-free anastomosis; in case of very long
damage of the distal ureter, a tubulization of the bladder
to gain the iliac/lumbar ureter is required (the Boari flap)
[10].Traditionally, all these procedures were being done
using an open approach [11], but with the recent wide-
spread use of minimally invasive surgery, laparoscopic
and robot-assisted approaches have been proposed even
for the treatment of ureteral stenosis.
Open surgical procedures show good long-term results,
but are usually associated with long hospitalization, need of
additional pain medication and greater blood loss [12].
Furthermore, the open approach has many cosmetic con-
sequences, especially in young patients and females.
Laparoscopic and robot-assisted procedures have been
introduced as alternatives to open surgery with the aim to
reduce morbidity and hospitalization. Several studies [10–
12] have demonstrated the feasibility and safety of mini-
mally invasive procedures; however, to our knowledge,
only few studies have reported robotic and pure laparo-
scopic approach with long-term follow-up.
The aim of the present study is to evaluate the feasibility
of laparoscopic or robotic ureteral repair for stenosis due to
different aetiology at different level and with long-term
follow-up.
Patients and methods
In this multicentre retrospective study, we collected patients
who underwent robotic or laparoscopic surgery for ureteral
stenosis between March 2008 to March 2014, at 9 Italian
centers with long-term experience in minimally invasive
urological surgery. This series included ureteral stenosis for
different aetiologies and different location in the ureter,
excluding primary uretero-pelvic junction obstruction.
Before surgery, all patients underwent computed
tomography (CT) to evaluate the site and the extent of the
stricture. The following pre-operative variables were col-
lected: age, gender, body mass index (BMI), comorbidities
classified according to Charlson Index. Stenosis were
classified by side, site, length and aetiologies. The fol-
lowing operative parameters were analysed: surgical
approach, surgical technique, operative time, estimated
blood loss and intra-operative complications. Post-opera-
tive complications were graded with the Clavien–Dindo
classification [13].
Follow-up examinations were done at the discretion of
the referring center. All patients were followed up with
clinical examination, blood exams with serum creatinine
measurement and renal ultrasound or CT at 3–6 months
and with regular imaging evaluation thereafter. A CT scan
and diuretic 99mTc-mercaptoacetyltriglycine (MAG3)




In cases of proximal and mid-ureteral stenosis B3–4 cm in
length, uretero-ureteroanastomosis was performed.
Although in the distal stenosis, the treatment of choice was
the ureteral reimplantation; in 10 cases, surgeons preferred
the uretero-ureteroanastomosis technique. During a
transperitoneal approach, themobilization of the colon in the
left side and the kocherization of the second and third portion
of the duodenum in the right side were done. The ureter was
mobilized, preserving the adventitia and the area immedi-
ately proximal and distal to the stricture was excised; an
interrupted or continuous anastomosis with 4–0 or 5–0
monocryl was performedwith a double j stent into the ureter.
Ureteral reimplantation
In cases of distal ureteral stenosis\20 mm in length, an
ureteral reimplantation was performed. After the isolation
of the ureter, a cystotomy was made for the reimplantation
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of the ureter. Prior to complete the ureteroneocystostomy
with 4/0 interrupted stitches, a double J stent was placed
anterogradely. Then, the cystotomy was closed with 3–0
absorbable suture. At the end of the intervention, a Foley
catheter is placed for 5 days.
Psoas hitch reimplantation
In case of distal ureteral stenosis, to obtain a tension-free
anastomosis, a Psoas Hitch reimplantation represent the
option of choice The Psoas Hitch reimplantation is an
alternative technique used in case of longer distal stenosis
providing a tension-free anastomosis. [10]. The ureter was
dissected preserving its blood supply. The bladder was
mobilized from the anterior abdominal wall by incising the
peritoneum laterally. The contralateral umbilical artery can
be sectioned to improve its mobilization. The Psoas muscle
was exposed to hitch the bladder and 2–3 sutures are placed
to tie the bladder to the psoas muscle, superficially. The
ureter was spatulated and anchored to the bladder previ-
ously dissected. The anastomosis is done according to the
surgeon’s preferences A double J stent was placed in an
anterograde approach and finally the bladder is closed in
two layers with continuous suture.
Post-operative care
A Jackson-Pratt o Penrose drain was left in all of these
procedures; the drain was removed on post-operative day
1–3. The Foley catheter was removed after the drain was
removed. The ureteral stent was removed around
3–4 weeks post-operatively using flexible or rigid
cystoscope.
Statistical analysis
Mean (SD), range, and frequencies were used as descrip-
tive statistics. The Mann–Whitney, Pearson 2, linear-by-
linear association, and Fisher exact tests were used as
appropriate. Statistical analyses were conducted using
SPSS version 17.0 (IBM Corp, Armonk, NY, USA). Two-
tailed p values less than 0.05 were considered statistically
significant.
Results
The demographics and pre-operative clinical characteris-
tics of the patients are summarized in Table 1. In 14
patients, stenosis was localized in the lumbar ureter, in 3
cases in the iliac ureter and in 45 patients distally in the
pelvic ureter. In the present series, ureteral stenosis was
due to different causes: endometriosis (30 patients),
iatrogenic such as ureteroscopy with lithotripsy (15
patients) or abdominal surgery (11 patients). In 5 cases,
ureteral stenosis was due to idiopathic or post-irradiation
retroperitoneal fibrosis and in 1 patient due to urinary
tuberculosis. The mean ureteral stenosis length was
23.6 mm ± 1.1. All the procedures were completed
Table 1 Patient demographics (no. 62)
Variables Value
Age in years
Mean ± DS 44.6 ± 13.8





Median (IQR) 25.1 (22–28)







Side of the stenosis, n (%)
Right 28 (45.2)
Left 34 (54.8)





After URS** 15 (24.2)
After abdominal surgery 11 (17.7)
Endometriosis 30 (48.4)
Other 6 (9.7)
Lumbar ureteral stenosis length (n = 14), mm
Mean ± DS 20.4 ± 0.8
Median (IQR) 20.0 (13–26)
Iliac ureteral stenosis length (n = 3), mm
Mean ± DS 15.7 ± 0.9
Median (IQR) 15.0 (0.7–15)
Pelvic ureteral stenosis length (n = 45), mm
Mean ± DS 25.2 ± 1.1
Median (IQR) 22.2 (20–30)
Pre-operative serum creatinine
Mean ± DS 1.18 ± 0.42
Median (IQR) 1.1 (0.8–1.5)
* denote Charlson index with age
** denote Ureterorenoscopy with lithotripsy
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successfully without open conversion. The operative and
post-operative outcomes are reported in Table 2; in 35
cases (56 %), a conservative approach with retrograde
double J stent placement or balloon dilatation was
attempted before surgery. Overall, 36 patients were treated
with pure laparoscopic approach and 26 with robot-assisted
surgery with the Da Vinci SI robotic system (Intuitive
Surgical, Sunnyvale, CA, United States). In 11 cases, a
retroperitoneal laparoscopic approach was preferred to
repair a proximal/iliac ureteral stenosis. Short strictures
(\25 mm) in the proximal or distal ureter were treated with
end-to-end anastomosis. Patients with longer distal stric-
tures underwent a direct ureteral reimplantation or a Psoas
Hitch reimplantation. Uretero-ureterostomy were per-
formed in 27 patients, ureteral reimplantation in 22 patients
and a Psoas Hitch reimplantation was performed in 13
patients. After a median follow-up of 27 months, a recur-
rence of the stenosis was diagnosed in 2 cases: one case
required a balloon dilatation, one case required a laser
endoureterotomy; both cases resolve completely. Table 3
shows the comparison between laparoscopic and robotic
approach: robotic approach had some advantages com-
pared to pure laparoscopic surgery in terms of estimated
blood loss. On the other hand, the laparoscopic approach
resulted in fewer days of hospitalization. No significant
differences were found in terms of operative time, stenosis
recurrence, renal function and complications rate between
the two groups. Table 4 shows the type and the grade of
intraoperative and post-operative complications observed
in the present series according to the Clavien-Dindo clas-
sification. Post-operative complications B90 days after
surgery occurred in 5 (8 %) patients. The most frequent
complication was prolonged fever (Clavien 1) in 2 patients,
Anaemia (Clavien 2) due to haematuria that required blood
transfusion in 1 patients, and prolonged ileus (Clavien 1) in
one case. In only 1 case, a major complication occurred: an
ureteral fistula (Clavien 3B) during robot-assisted uretero-
ureteroanastomosis for deep infiltrating endometriosis, who
required the placement of additional nephrostomy.
Discussion
The surgical management of ureteral strictures is a com-
plex challenge for the urologist; it depends mainly on the
location, length and aetiology of the stenosis. In addition to
the endoscopic management with stent placement or bal-
loon dilatation, surgical approach may be performed by
traditional open surgery or by laparoscopic or robot-as-
sisted approach.
Nezhat et al. first described the first laparoscopic ure-
tero-ureterostomy for ureteral stenosis due to endometriosis
in 1992 [14]. Laparoscopic ureteroneocystostomy in chil-
dren was first described by Ehrlich [15] and the first in
adult was reported by Reddy and Evans in 1994 [16]. With
increasing experience and expertise, the minimally inva-
sive approach for ureteral reconstructive procedures such
as uretero-ureteroanastomosis or ureteral reimplantation
with Psoas Hitch has gained acceptance [17–19].
However, laparoscopic approach for ureteral stenosis is
considered a complex procedure due to difficulties in
intracorporeal suturing, two-dimensional vision and the
limited movement of the instruments [10]. Modi et al.
reported their experience describing the results of 6
patients who underwent laparoscopic ureteroneocys-
tostomy. They concluded that an experienced laparoscopic
surgeon and good dexterity with intracorporeal laparo-
scopic suturing technique are essential for a successful
completion of the procedure [18]. Similarly, De Cicco
et al., in a review of 608 ureteral injuries treated with
endoscopic, open and laparoscopic surgery, concluded that
Table 2 Operative and post-operative outcomes
Variables Value
Previous treatment
Stent placement 29 (46)
Balloon dilatation 6 (10)
Surgical Approach, n (%)
Laparoscopic 36 (58)
Robotic 26 (42)
Retroperitoneal approach 11 (17)
Surgical technique, n (%)
Uretero-ureteroanastomosis 27 (43.5)
Ureteral reimplantation 22 (35.5)
Psoas Hitch Reimplantation 13 (21.0)
Operative time (min)
Mean ± DS 173 ± 106
Median (IQR) 145 (90–210)
Estimated blood loss (cc)
Mean ± DS 73.2 ± 62.5
Median (IQR) 50 (40–90)
Post-operative serum creatinine
Mean ± DS 1.0 ± 0.3
Median (IQR) 1.0 (0.8–1.2)
Length of hospitalization, (days)
Mean ± DS 6.6 ± 2.9
Median (IQR) 6 (4–8)
Stent placement, (days)
Mean ± DS 31.4 ± 16.5
Median (IQR) 30 (24.5–31.5)
Stenosis recurrence, n (%) 2 (3.2)
Follow-up (month)
Mean ± DS 25.6 ± 16.1
Median (IQR) 27 (16–32)
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Table 3 Comparison between
laparoscopic and robotic groups
Variables Laparoscopic (n = 36) Robotic (n = 26) P value
Age
Mean ± DS 48.4 ± 14.0 39.4 ± 12.0 0.011
Median (IQR) 48.0 (40.7–58.5) 37.0 (32.5–46.2)
Gender, n (%)
Male 8 (22.2) 4 (15.3) 0.501
Female 28 (77.8) 22 (84.7)
BMI
Mean ± DS 25.7 ± 3.7 23.4 ± 4.0 0.194
Median (range) 25.6 (23–28) 23.4 (19.9–25.9)
Side of the stenosis, n (%)
Right 17 (47.2) 11 (57.6) 0.701
Left 19 (52.8) 15 (42.4)
Site of the stenosis, n (%)
Lumbar 12 (33.3) 2 (7.7) 0.049
Iliac 2 (5.5) 1 (3.9)
Pelvic 22 (61.2) 23 (88.4)
Aetiology, n (%)
After URS** 12 (33.3) 3 (11.5) 0.058
After abdominal surgery 7 (19.4) 4 (15.1)
Endometriosis 12 (33.3) 18 (70.2)
Other 5 (14.0) 1 (3.2)
Lumbar ureteral stenosis length, mm
Overall 12 2 0.088
Mean ± DS 18.8 ± 0.71 30.0 ± 1.4
Median (IQR) 20.0 (11–23) 30.0 (20–30)
Iliac ureteral stenosis length, mm
Overall 2 1 0.347
Mean ± DS 20.0 ± 0.7 0.7
Median (IQR) 20.0 (15–20) 0.7 (0.7)
Pelvic ureteral stenosis length, mm
Overall 22 23 0.444
Mean ± DS 22.6 ± 1.0 23.9 ± 1.3
Median (IQR) 25.0 (25–30) 20.0 (10–31)
Retroperitoneal access n (%) 4 (11) 7 (26) 0.757
Surgical technique, n (%)
End-to-end anastomosis 20 (55.5) 5 (19.2) 0.081
Ureteral reimplantation 10 (27.8) 9 (34.6)
Psoas Hitch Reimplantation 6 (16.7) 3 (11.5)
Operative time (min)***
Mean ± DS 163.0 ± 102.5 185 ± 112.0 0.440
Median (IQR) 130.0 (100–197) 199.0 (80.0–222.0)
Serum Creatinine variation, mg/dL -0.17 ± 0.2
-0.1 (-0.3 to 0)
-0.09 ± 0.3
-0.1 (-0.2 to 0)
0.089
Estimated blood loss (cc)
Mean ± DS 91.2 ± 71.9 47.2 ± 32.3 0.004
Median (IQR) 50.0 (50–115) 50.0 (30.0–50.0)
Length of hospitalization, (days)
Mean ± DS 5.9 ± 2.4 7.6 ± 3.4 0.006
Median (Range) 5.0 (4.0–.0) 7.0 (6.0–8.0)
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laparoscopy represents the method of choice for the man-
agement of ureteral lesions, but requires specialized centers
and experienced laparoscopic surgeons due to the technical
difficulty of the anastomosis of such a small structure as the
ureter [20].
The introduction of the Da Vinci Robot has reduced the
technical difficulties of laparoscopy, especially during the
reconstructive phases. Furthermore, several studies have
shown that the learning curve of the robotic-assisted sur-
gery is easier than the laparoscopic one. Passerotti et al.
reported that among inexperienced surgeons, the efficiency
of suturing using Robot-assisted surgery was operator-in-
dependent and required less time to learn [21]. Likewise,
Yohannes and Jacobs showed that robotic surgery reduces
the learning curve for experienced open surgeons when
beginning with robotic approach, compared to conven-
tional laparoscopy [22, 23].
The first robot-assisted ureteroneocystostomy was
described in 2003 by Yohannes et al. [24], and the first
robot-assisted reimplantation with Psoas hitch was reported
by Naeyer et al. in 2007 [25]; both the authors concluded
that robot-assisted reimplantation could be performed
easier and with greater technical precision than conven-
tional laparoscopy.
So far, there are few multicentres, large-sample series
with long-term follow-up reporting the safety and feasi-
bility of robotic ureteral reconstruction.
Musch et al. in a study of 16 patients showed that robot-
assisted reconstructive surgery of the distal ureter is fea-
sible without compromising the generally accepted prin-
ciples of open surgical procedures [26].
Patil et al. in a multinstitutional study analysed 12
patients who underwent robot-assisted ureteric reimplan-
tation with Psoas Hitch. They concluded that ureteral
reimplantation can be performed safely and effectively
with a robotic-assisted laparoscopic technique and is
associated with excellent outcomes with minimal post-op-
erative morbidity [10].
Hemal et al. analysed 44 patients who underwent robot-
assisted surgeries for different ureteral pathologies with a
mean follow-up of 13.5 months. They confirmed that
robot-assisted surgery could be successfully used for sur-
gical management of most ureteral pathologies including
complex ureteral reconstruction [11].
Our experience comprises one of the largest series in
the literature considering laparoscopic and robotic surgery
for ureteral strictures due to several aetiologies and with
various reconstruction technique. Only very few studies,
Table 3 continued
Variables Laparoscopic (n = 36) Robotic (n = 26) P value
Stent placement, (days)
Mean ± DS 31.3 ± 12.7 31.5 ± 21.1 0.509
Median (IQR) 30.0 (25–30) 29.0 (21–35)
Stenosis recurrence, n (%) 1 (2.7) 2 (3.8) 0.091
Follow-up (month)
Mean ± DS 28.7 ± 14.4 26.4 ± 12.1 0.100
Median (IQR) 25.0 (18–37) 23.0 (13.5–28.5)
Clavien complications, n (%)
Grade 1 1 (1.6) 2 (3.2) 0.395
Grade 2 1 (1.6) 0
Grade 3 0 1 (1.6)
Bold values indicate p value\ 0.05
* Charlson index with age
** Ureterorenoscopy with lithotripsy
*** Console time for robotic approach
Table 4 Type of post-operative
complications
Cases, n (%) Complication Treatment Dindo/Clavien system
Post-operative complications
1 (1.6) Ureteral Fistula Nephrostomy ? stent Grade 3B
1 (1.6) Anaemia Medical therapy Grade 2
1 (1.6) Ileus Medical therapy Grade 1
2 (3.2) Prolonged Fever Medical therapy Grade 1
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to our knowledge, have reported a comparison between
robotic and laparoscopic approach regarding ureteral
surgery, most of them concerning pyeloplasty for uretero-
pelvic junction obstruction [27, 28]. Lucas et al. analysed
data from 759 patients who underwent laparoscopic or
robotic pyeloplasty (274 laparoscopic, 465 robotic), and
found less estimated blood loss in the laparoscopic group.
No differences in terms of intra-operative and post-oper-
ative complications were found between the two groups
[27]. Similarly, Baldie et al. in a comparative study
between robotic and laparoscopic surgery for distal uret-
eral stenosis showed less estimated blood loss and less
operative time in the laparoscopic group [28]. In our
study, we showed a statistically significant difference in
terms of estimated blood loss in favour of robotic group.
The laparoscopic group showed shorter hospitalization
time; however, the latter data could be also influenced by
the different behaviour among the study centers; there
was no difference considering all the other endpoints. As
already reported in other studies comparing laparoscopic
and robotic surgery, the rate of estimated blood loss and
days of hospitalization are variable and often depend on
the experience of the surgeon in laparoscopic and robotic
techniques [29, 30]. Most of the stenosis in our cohort
involved the distal ureter. In the pelvis, the ureteral
reconstruction may be technically challenging when the
dissection is extensive because the vascular supply to the
distal ureter may be compromised. This can potentially
cause the recurrence of strictures, the most common
complication reported in the literature [31]. However, in
our series, we report a low rate of recurrence with only 2
cases of stenosis recurrence.
Similarly to other studies, the overall rate of complica-
tions was low (8 %) [11, 12, 27] with only 1 high grade
(Clavien III) complication that occurred in a patients who
underwent robotic uretero-ureteroanastomosis for deep
infiltrating endometriosis.
This study, to our knowledge, represents one of the few
that compares laparoscopic and robotic approach for uret-
eral strictures, with a long-term follow-up.
This study presents some limitations: its retrospective
design and, as a multi-institutional study, there were dif-
ferences in surgical technique among surgeon of each
institution enrolled in the study.
Conclusion
The present retrospective series has shown that laparo-
scopic and robot-assisted management of ureteral stenosis,
due to various aetiologies, is feasible and safe. After a
long-term follow-up, the functional outcomes were optimal
with a low incidence of complications and low rate of
recurrence of the stenosis. Minimally invasive treatment of
ureteral stenosis should be taken into account in skilled
centers.
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